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Sequence-Specific Fragmentation of
Deprotonated Peptides Containing H
or Alkyl Side Chains
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Department of Chemistry, University of Toronto, Toronto, Canada
The [M 2 H]2 ions of a variety of di- to pentapeptides containing H or alkyl side chains have
been prepared by electrospray ionization and low-energy collision-induced dissociation (CID)
of the deprotonated species carried out in the interface region between the atmospheric
pressure source and the quadrupole mass analyzer. Using the nomenclature applied to the
fragmentation of protonated peptides, deprotonated dipeptides fragment to give a2 ions (CO2
loss) and y1 ions, where the y1 ion has two fewer hydrogens than the y01 ions formed from
protonated peptides. Deprotonated tri- and tetrapeptides fragment to give primarily y1, c1, and
0b2 ions, where the 0b2 ion has two fewer hydrogens than the b2 ion observed for protonated
peptides. More minor yields of y2, c2, and a2 ions also are observed. The a ion formed by loss
of CO2 from the [M 2 H]
2 ion shows loss of the N-terminal residue for tripeptides and
sequential loss of two amino acid residues from the N-terminus for tetrapeptides. The
formation of cn ions and the sequential loss of N-terminus residues from the [M 2 H 2 CO2]
2
ion serves to sequence the peptide from the N-terminus, whereas the formation of yn ions
serves to sequence the peptide from the C-terminus. It is concluded that low-energy CID of
deprotonated peptides provides as much (or more) sequence information as does CID of
protonated peptides, at least for those peptides containing H or alkyl side chains. Mechanistic
aspects of the fragmentation reactions observed are discussed. (J Am Soc Mass Spectrom
2001, 12, 1–13) © 2001 American Society for Mass Spectrometry
Tandem mass spectrometry [1, 2] of protonatedpeptides is well established as a method of prac-tical importance in determining the amino acid
sequence of the peptide [3–6]. As a result of many
studies, the main features of the fragmentation of
protonated peptides have been elucidated at least at a
phenomenological level [7, 8]. However, much less
detailed information is available concerning the fragmen-
tation of deprotonated peptides and much of that which is
available concerns the fragmentation of the [M 2 H]2
ions of dipeptides [9–21]. In particular, no species larger
than deprotonated tripeptides have been studied.
In early studies, Bradley et al. [9, 10] prepared the
[M 2 H]2 ions of a number of tripeptides (mostly
containing H and alkyl side chains) by negative ion
chemical ionization and examined the high energy
collision-induced dissociation (CID) reactions of the
deprotonated species. A major fragmentation reaction
was observed to be elimination of CO2 although other
sequence-specific fragment ions were observed; using
the nomenclature adopted for positive ions [7], the most
significant were b2 ions and y1 ions. Heerma and
co-workers [11–13] have surveyed the high energy CID
mass spectra of a variety of deprotonated dipeptides
and tripeptides prepared by fast atom bombardment
(FAB). For those peptides containing only H or alkyl
side chains they observed major loss of CO2 in agree-
ment with the observations of Bradley et al. [9, 10].
Other ions observed were y1, y2, and 0b2 ions. Note that
the designation yn indicates an ion two mass units less
than the y0n ions observed for protonated peptides and
the designation 0b2 indicates an ion two mass units less
than the b2 ion observed in the fragmentation of pro-
tonated peptides. The observation of 0b2 ions by
Heerma is in contrast to the reported observation of b2
ions by Bradley et al., but is supported by other work
including the present study. Bowie and co-workers
[14–20] have surveyed the high energy CID mass spec-
tra of the [M 2 H]2 ions of a wide variety of dipeptides
and some tripeptides. Of particular interest in the
present context is their study [14] of the CID of depro-
tonated H–AGG–OH, H–GAG–OH, H–GGA–OH, and
H–LGG–OH. They reported major fragmentation by
loss of H and H2, fragmentation reactions not reported
by Heerma and co-workers. Additional fragmentation
reactions involved substantial CO2 loss and minor for-
mation of 0b2, y1, and y2 ions. Marzluff et al. [21] have
explored the low energy dissociation pathways for
small deprotonated peptides using Fourier transform
ion cyclotron resonance mass spectrometry. For those
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dipeptides and tripeptides containing only H or alkyl
side chains the only fragmentation reaction observed
involved formation of y1 ions.
Overall, the rather few results to date on the fragmen-
tation of deprotonated tripeptides indicate that the frag-
mentation reactions can be characterized as shown in
Scheme 1 when the side chains are alkyl or H. At the same
time there is evidence, primarily from the study of dipep-
tides, that the presence of functional groups in the side
chain can change substantially the fragmentation reac-
tions observed [11–21]. We have begun a detailed and
systematic study of the low-energy collision-induced dis-
sociation of deprotonated peptides. In this initial study we
have obtained the CID spectra of a variety of tri-, tetra-,
and pentapeptides containing only H or alkyl groups in
the side chain. The deprotonated peptides were prepared
by electrospray ionization and low energy CID was car-
ried out in the interface region between the atmospheric
pressure source and the quadrupole mass analyzer, so-
called cone-voltage CID. There is substantial evidence that
such CID studies in the interface region lead to results
directly comparable to low energy CID studies in quad-
rupole collision cells [22–24]. In addition, it has been
established [25–27] that the average energy imparted to
the decomposing ion increases as the field in the inter-
face region is increased and recent work in this labora-
tory [22, 24, 28] has shown that by varying the field in
steps energy-resolved mass spectra [29–31] may be
obtained. The present work establishes the fragmenta-
tion routes of deprotonated peptides containing only H
or alkyl side chains. Further studies will reveal the
effects of different functional groups in the side chain in
modifying or altering these fragmentation routes.
Experimental
All experimental work was carried out using an elec-
trospray/single quadrupole mass spectrometer (VG
Platform, Micromass, Manchester, UK). The peptide
sample, at micromolar concentration in 1:1 CH3CN/
0.5% aqueous NH3, was introduced into the source at a
flow rate of 20 mL min21. The electrospray needle was
held at 22.5 to 3.0 kV. N2 was used as nebulizing gas at
a flow rate of 10 L h21 and as drying gas at a flow rate
of 250 L h21. Sixteen 2 s scans were accumulated by the
data system and combined to give the results presented.
In some experiments the labile hydrogens were ex-
changed for deuterium by using 1:1 CD3CN/0.5% ND3
in D2O as the electrospray solvent. At low cone voltages
the [M 2 H]2 ion was the dominant species observed
along with the isotopic peak one mass unit higher; this
latter signal could be entirely accounted for in terms of
isotopic contributions, i.e., no M2z ions were produced.
All peptide samples used were obtained from
BACHEM Biosciences (King of Prussia, PA). CD3CN
(99.8 atom % D) was obtained from Cambridge Isotope
Laboratories (Andrews, MA) while the D2O (99.9 atom
% D) was obtained from Aldrich Chemical (Milwaukee,
WI) and the ND3OD (26% in D2O, .99 atom % D) was
obtained from CDN Isotopes (Pointe Claire, Quebec).
Scheme 1
Scheme 2
Table 1. CID spectra of deprotonated dipeptidesa
Peptide
Fragment ion, m/z
(relative abundance)
a2 y1
H–Gly–Ala–OH 101 (22.1) 88 (100)
H–Ala–Gly–OH 101 (100) 74 (49.2)
H–Leu–Gly–OH 143 (91.0) 74 (100)
H–Val–Leu–OH 185 (77.5) 130 (100)
aCone voltage 40 V.
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Results and Discussion
A variety of dipeptides, tripeptides, and tetrapeptides
were studied as well as three pentapeptides. The results
will be presented below in terms of the size of the
peptide since the fragmentation reactions observed
show a substantial dependence on peptide size.
Dipeptides
Low-energy CID of deprotonated dipeptides containing
H or alkyl side chains results in two primary products,
the a2 ion (elimination of CO2) and the y1 ion. This is in
essential agreement with the studies of Eckersley et al.
[14] although they also observed elimination of H and H2
Figure 1. CID spectra of deprotonated H–AGG–OH, H–GAG–OH, and H–GGA–OH ([M 2 H]2 ion
at m/z 202, cone voltage 50 V).
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as well as elimination of H2O in a number of cases. Table
1 summarizes the results obtained for four deprotonated
dipeptides at a cone voltage of 40 V. In the deuterated
solvent the [M 2 H]2 ion and the a2 ion shifted upwards
by three mass units consistent with exchange of the four
labile hydrogens and removal of one in the ionization
process. The y1 ion showed incorporation of one deu-
terium only. These results are in agreement with the
results of Eckersley et al.; the mechanism proposed by
Eckersley et al. for formation of the y1 ion is shown in
Scheme 2 and clearly leads to incorporation of only one
deuterium in y1 in the labeled system.
Tripeptides
A variety of tripeptides were studied. Figure 1 com-
pares the CID mass spectra obtained at a cone voltage of
50 V for the [M 2 H]2 ions of H–AGG–OH, H–GAG–
OH, and H–GGA–OH, whereas Figure 2 presents the
breakdown graph for deprotonated H–GGL–OH. Eck-
ersley et al. [14] have reported the high energy CID
mass spectra of the three isomeric deprotonated tripep-
tides containing two glycines and one alanine. Except-
ing the loss of H and H2, they observed the a3 ion ([M 2
H 2 CO2]
2) as the major fragment ion, accounting for
50%–90% of the total fragment ion intensity; at lower
intensity they observed the 0b2 ion and the y1 and y2
ions but did not observe the c1 ion. Similarly, Kulik and
Heerma [12] reported the a3 ion as the major fragment
ion for H–LGL–OH, H–GGL–OH, and H–GGG–OH
with minor formation of 0b2, y1, and y2 ions. Much more
extensive fragmentation is observed under our low-
energy CID conditions with significant signals being
observed for the above ions as well as the c1 and a2 ions.
In addition, the a3 ion is relatively unstable and elimi-
nates the N-terminal amino acid residue, a reaction not
reported previously.
The breakdown graph for deprotonated H–GGL–OH
(Figure 2) provides further insight into the fragmenta-
tion reactions occurring. Clearly, formation of the y1
and a3 ions are the lowest energy processes with for-
mation of the a2 and c1 ions having higher onset
energies. The breakdown graph also shows the further
fragmentation of the a3 ion by elimination of the N-
terminal glycine residue. Earlier work in this laboratory
[32–35] comparing high-energy and low-energy colli-
sional activation of negative ions found that low-energy
collisional activation imparted, on average, greater en-
ergy to the anion than did high-energy collisional
activation. This also appears to be the case for colli-
sional activation of deprotonated peptides with the
result that high-energy collisional activation results
primarily in formation of the a3 and y1 ions, the
processes with the lowest critical reaction energies.
Table 2 summarizes the results obtained for 13
deprotonated tripeptides at a cone voltage of 50 V.
Clearly, as shown by the results in Figure 1 and Table 1,
distinction of isomeric tripeptides by low-energy CID of
the [M 2 H]2 ions is readily achieved. The main diag-
nostic ions are the y1 ion identifying the C-terminus
Figure 2. Breakdown graph for deprotonated H–GGL–OH.
Table 2. CID spectra of deprotonated tripeptidesa
Peptide
Fragment ion, m/z (relative abundance)
a3 a2 0b2 c1 y1 a3 2 NT
GGG 144 87* b 113 73 74 87*
(9.4) (100) (18.0) (6.4) (29.3) (100)
GGA 158 87 113 73 88 101
(4.6) (19.1) (29.5) (8.0) (100) (55.1)
GAG 158 101* 127 73 74 101*
(10.3) (100) (10.7) (46.4) (42.8) (100)
AGG 158 101 127 87* 74 87*
(23.5) (45.0) (36.8) (100) (63.8) (100)
AAG 172 115 141 87 74 101
(31.4) (13.9) (19.3) (83.3) (94.4) (100)
AGA 172 101* 127 87 88 101*
(6.0) (43.8) (30.9) (8.4) (100) (43.8)
GAA 172 101 127 73 88 115
(3.4) (6.6) (17.9) (31.2) (100) (63.8)
GGL 200 87 113 73 130 143
(18.6) (32.4) (37.1) (13.6) (100) (97.3)
GLG 200 143* 169 73 74 143*
(22.4) (82.8) (34.4) (44.1) (100) (82.8)
LGG 200 143 169 129 74 87
(25.1) (18.1) (25.8) (8.6) (64.1) (100)
LLG 256 199 225 129 74 143
(34.0) (4.5) (21.8) (10.9) (100) (23.8)
LGL 256 143* 169 129 130 143*
(33.0) (55.5) (27.8) (9.8) (100) (55.5)
AVL 256 143 169 87 130 185
(28.0) (0.0) (21.2) (9.0) (100) (12.9)
aCone voltage 50 V.
bAsterisks indicate two possible contributions at same m/z.
4 HARRISON J Am Soc Mass Spectrom 2001, 12, 1–13
amino acid and the c1 ion and a3 2 NT ion which both
identify the N-terminus amino acid. In addition, the 0b2
ion also serves to identify the C-terminus amino acid.
Experiments also were carried out for H–AAG–OH
using deuterated solvent. A comparison of the spectra
obtained in the deuterated solvent with the results
obtained in the nondeuterated solvent are shown in
Figure 3. As expected, the deprotonated species and the
a3 ion both shift upwards by four mass units in the
deuterated system consistent with exchange of all five
labile hydrogens for deuterium and subsequent re-
moval of one of these deuteriums in the ionization
process. The 0b2 ion (m/z 141) shifts essentially com-
pletely to m/z 143 for the deuterated sample indicating
incorporation of two labile hydrogens in the ion. This is
in agreement with the results of Eckersley et al. [14] from
similar experiments on H–AGG–OH. However, Eckersley
et al. reported that the y1 ion from H–AGG–OH incor-
porated only one labile hydrogen (shift from m/z 74 to
75), whereas the present results show that the y1 ion
(m/z 74) shifts mainly to m/z 76 indicating incorporation
of two labile hydrogens with about 25% of the y1 ion
signal incorporating only one labile hydrogen. The c1
ion (not observed by Eckersley et al.) shows incorpora-
tion of three labile hydrogens (;66%) or two labile
hydrogens (;33%). The a3 2 A ion (m/z 101) shows
incorporation of either two labile hydrogens (;60%) or
three labile hydrogens (;40%). In these estimations we
have neglected the fragmentation of the m/z 221 ion
which has an abundance consistent with the 13C isoto-
pic peak of the [M 2 D]2 ion; fragmentation of this
isotopic peak will make a small contribution to the
highest mass fragment ion of each series.
The mechanistic interpretation of these results is
difficult, in part because it is not feasible to label specific
sites in the tripeptide and, in part, because it is unclear
which H/D is removed in the ionization process. (In
this context we note that the methyl ester of trialanine
was efficiently ionized by electrospray; the use of the
deuterated solvent showed that an amidic hydrogen
was removed in this case.) Eckersley et al. [14] have
proposed a mechanism, analogous to the mechanism of
Scheme 2, illustrated in Scheme 3 for formation of the
0b2 and y1 ions in deprotonated tripeptides. Clearly, this
Figure 3. Comparison of CID spectrum of deprotonated H–AAG–OH with deuterium labeled analog
(cone voltage 50 V).
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sequence will lead to a 0b2 ion containing two labile
hydrogens and a y1 ion containing only one of the initial
labile hydrogens. One rationalization for the observa-
tion of y1 ions containing two labile hydrogens involves
initial removal of an amide hydrogen followed by a
1,2-proton shift (Scheme 4) leading to the same species
as proposed by Eckersley et al. but with a different
distribution of labile hydrogens. An alternative path-
way for fragmentation of the amide-deprotonated spe-
cies is outlined in Scheme 5 and involves initial forma-
tion of an ion/neutral complex in which the neutral is
an oxazolone. This complex may dissociate to give the
y1 ion or undergo an internal proton transfer reaction to
give a deprotonated oxazolone as the 0b2 ion. Clearly,
this pathway would lead to retention of two labile
hydrogens in both the 0b2 and y1 ions. Although the
pathway outlined in Scheme 5 is entirely speculative at
this time it is analogous to the known formation of
protonated oxazolones in the formation of bn ions from
protonated peptides [28, 36–41]. It is not clear why the
labeling results for the y1 ion obtained in the present
work are different from the results reported by Ecker-
sley et al. In the latter work the deprotonated ions were
prepared by FAB and it is possible that only the
carboxyl-deprotonated species is formed, whereas
amide-deprotonated species are formed in the electro-
spray ionization. It also may be possible that the reac-
tion which incorporates two deuteriums in the y1 ion
has a higher onset energy than the process which
incorporates one deuterium and the higher energy
process was not accessed by high-energy collisional
activation, although this interpretation was not evident
by varying the cone voltage.
To a considerable extent, the c1 ion incorporates
three labile hydrogens, as would be expected, although
there is a significant ion signal for incorporation of two
labile hydrogens. Clearly, some interchange of the N-
bonded hydrogens at the N-terminus with C-bonded
hydrogens from the remainder of the peptide has
occurred although the mechanism is not clear. In the
d5-peptide, the signal for the a3 2 A ion shifts, in part,
to m/z 103 indicating transfer of a C-bonded hydrogen
from the alanine residue but shifts, in part, to m/z 104
indicating transfer of a N-bonded D in elimination of
the alanine residue. This mixed behavior is in contrast
to the elimination of the N-terminus residue from
protonated peptides (forming y0n ions) where only a
labile N-bonded hydrogen is transferred [42, 43]. Again,
the detailed mechanism is unclear.
Tetrapeptides
The CID spectra of deprotonated H–GGGA–OH,
H–GGAG–OH, and H–AGGG–OH, obtained at a cone
voltage of 60 V, are shown in Figure 4. The spectra of
Scheme 3
Scheme 4
Scheme 5
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the three isomeric tetrapeptides are clearly distinct. The
major primary fragment ions observed are the c1 and y1
ions with lesser yields of the y2, c2, and 0b2 ions. The a4
ion (CO2 elimination from [M 2 H]
2) is relatively un-
stable and undergoes successive loss of two amino acid
residues from the N-terminus. This is shown more clearly
in Figure 5 where the CID spectrum of H–GGAG–OH is
shown at three cone voltages (or collision energies).
With increasing collision energy the m/z 101 ion (a4 2
2G) increases substantially in importance with respect
to the a4 2 G ion. The c1 ion also increases in relative
importance with increasing collision energy, consistent
Figure 4. CID spectra of deprotonated H–GGGA–OH, H–GGAG–OH, and H–AGGG–OH ([M 2
H]2 ion at m/z 259, cone voltage 60 V).
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with the results shown in Figure 2 for the H–GGL–OH
system.
The CID spectra of nine tetrapeptides, obtained at a
cone voltage of 60 V, are summarized in Table 3. In
general, the most significant ions in identifying the
amino acid sequence are the c1 and y1 ions along with
the ions arising by elimination of one and two amino
acid residues from the N-terminus of the a4 ion. There
also are significant ion signals for the y2, c2, and 0b2
fragment ions which aid in sequence determination;
only very weak ion signals are observed for the 0b3 ion.
Unexpected ion signals are observed (Figure 4) at m/z
127 for H–GGGA–OH and H–GGAG–OH, at m/z 113 for
H–AGGG–OH and H–GLGG–OH (Table 3) and at m/z
141 for H–AGAA–OH (Table 3). In each case these
correspond, nominally, to a 0b2 ion incorporating the
two C-terminus amino acids. A possible route to these
internal 0b2 ions is presented in Scheme 6 where it is
Figure 5. CID spectrum of deprotonated H–GGAG–OH at three cone voltages.
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suggested that the structure of the ion produced is a
deprotonated diketopiperazine.
The CID spectrum of the [M 2 D]2 ion of GGGA-d6
is compared in Figure 6 with the CID spectrum of the
[M 2 H]2 ion of the unlabeled peptide. As was the case
for H–AAG–OH the labeling results are not readily
interpreted. The y2 ion shows incorporation of two or
three labile hydrogens analogous to the incorporation
of one or two labile hydrogens in the y1 ion derived
from H–AAG–OH. The a4 2 G ion shows incorporation
of three or four labile hydrogens while the a4 2 2G ions
shows the incorporation of three or four labile hydro-
gens. The y1 ion incorporates one or two labile hydro-
gens and the c1 ion incorporates two or three labile
hydrogens, similar to the results for H–AAG–OH. With-
out more specific labeling it is difficult to draw mean-
ingful mechanistic conclusions.
Pentapeptides
The CID spectra of the [M 2 H]2 ions of pentaglycine,
N-alanyltetraglycine, and pentaalanine were obtained.
The results obtained at three cone voltages for depro-
tonated H–GGGGG–OH are presented in Figure 7.
Significant ion signals are observed for the c1, c2, y1, y2,
and 0b2 primary fragment ions with the c1 ion increasing
in relative importance as the collision energy increases.
The a5 ion (CO2 elimination from [M 2 H]
2) is of
negligible intensity, however, there are abundant ion
signals for sequential loss of up to three glycine resi-
dues from the a5 ion, with the a5 2 3G ion increasing
greatly in relative importance as the collision energy
increases.
The CID spectrum of deprotonated H–AGGGG–OH
(Figure 8) has two major peaks at m/z 87 and 144 which
each have two possible contributing ion structures. Also
observed are the y1, y2, and 0b2 ions. The signal at m/z
113 undoubtedly is a 0b2 ion incorporating two glycine
residues and presumably arises by a reaction analogous
to that shown in Scheme 6. The CID spectrum of
deprotonated pentaalanine (Figure 8) shows relatively
Table 3. CID spectra of deprotonated tetrapeptides (cone voltage 60 V)
Peptide
Fragment ion, m/z (relative abundance)
a4 a3 a2 0b3 0b2 c2 c1 y2 y
1 a4 2 NT a4 2 2NT Other
GGGG 201 144*a 87* 170 113 130 73 131 74 144* 87*
(4.3) (76.0) (100) (5.1) (48.4) (5.5) (80.2) (13.3) (34.4) (76.0) (100)
GGGA 215 144 87 170 113 130 73 145 88 158 101 127
(1.4) (3.0) (23.6) (3.6) (17.1) (7.3) (100) (19.3) (90.1) (36.8) (39.7) (12.5)
GGAG 215 158* 87 184 113 130 73 145 74 158* 101 127
(2.8) (62.4) (16.7) (1.4) (25.2) (11.0) (100) (17.1) (69.7) (62.4) (71.4) (21.0)
AGGG 215 158 101 184 127 144* 87* 131 74 144* 87* 113
(3.1) (13.5) (7.8) (2.0) (12.6) (20.6) (100) (7.0) (21.3) (20.6) (100) (22.7)
AGAA 243 172* 101 198 127 144 87 159 88 172* 115 141
(1.7) (18.9) (5.2) (1.8) (13.6) (11.0) (46.4) (33.9) (100) (18.9) (26.1) (9.1)
AAAA 257 186* 115* 212 141 158 87 159 88 186* 115*
(1.5) (16.1) (21.3) (1.0) (8.0) (7.1) (42.5) (13.8) (100) (16.1) (21.3)
GLGG 257 200 143 226 169 186 73 131 74 200 87 113
(8.4) (9.6) (16.5) (5.1) (99.9) (15.6) (53.7) (100) (85.3) (28.4)
GLLG 313 256* 143* 252 169 186 73 187 74 256* 143*
(5.7) (58.2) (27.4) (18.3) (7.7) (65.5) (17.2) (100) (58.2) (27.4)
GLGL 313 200 143* 226 169 186 73 187 130 256 143*
(7.5) (57.6) (35.0) (13.7) (72.2) (30.2) (100) (98.6) (57.6)
aAsterisks indicate two possible contributions at same m/z.
Scheme 6
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minor ion signals arising from further fragmentation of
the a5 ion, the spectrum being dominated by the y1 ion.
Although the abundance of the c1 ion (m/z 87, not
labeled) is relatively low, the c2 fragment ion is more
abundant than the y2 fragment ion. A weak ion signal
also is observed for the y3 ion. These results raise the
possibility that, for larger peptides containing alkyl side
chains, the CID spectra will be dominated by yn and cn
ions.
Conclusions
The present study has shown that low-energy CID of
deprotonated peptides containing H or alkyl side
chains produces fragment ions which permit the amino
acid sequence of the peptide to be established. These
sequence-specific fragment ions include cn ion and yn
ions as well as 0b2 ions and a ions (Scheme 1). Further
sequence information is obtained from the fragmenta-
tion of the [M 2 H 2 CO2]
2 an ion which sequentially
loses amino acid residues from the N-terminus to form
internal an ions. The formation of c1 and c2 ions and the
sequential loss of N-terminus amino acid residues from
the [M 2 H 2 CO2]
2 an ion serves to clearly identify
and place in order the two N-terminus amino acid
residues. This is often a problem in the fragmentation of
protonated peptides because b1 ions normally are not
observed [37, 44, 45] and y0n21 (n 5 number of amino
acid residues in the peptide) ions frequently are not
observed either [46, 47]. Because cn ions and loss of
N-terminus amino acid residues from [M 2 H 2
CO2]
2 an ions are not observed in high-energy CID of
deprotonated peptides [12–14, 48], it is clear that low-
energy CID of deprotonated peptides provides a more
secure approach to sequencing, particularly for larger
peptides. At least for peptides containing only H or
alkyl side chains, the present study indicates that low-
energy CID of the [M 2 H]2 ion is as useful in estab-
lishing the amino acid sequence as low-energy CID of
protonated peptides. However, the ion signals in neg-
ative ion electrospray ionization of peptides are lower
by a factor of 2 to 5 than they are in positive ion
electrospray ionization. In addition, the deprotonated
species requires a higher collision energy for fragmen-
tation than does the analogous protonated species. The
introduction of different functionalities in the peptide
Figure 6. Comparison of CID spectrum of deprotonated H–GGGA–OH with deuterium labeled
analog (cone voltage 60 V).
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side chain no doubt will influence the fragmentation in
both the positive and negative ion mode. This aspect is
under study in this laboratory.
An interesting observation from the present deute-
rium labeling experiments is interchange between
amidic hydrogens (and possibly amino hydrogens) and
C-bonded hydrogens. This is in contrast to the results
obtained in the fragmentation of deuterium labelled
protonated peptides where such interchange has not
been observed [42, 43]. This difference undoubtedly
reflects the fact that the acidity (DHacid
° ) of CH groups
adjacent to carbonyl functions do not differ greatly from
Figure 7. CID spectrum of deprotonated pentaglycine at three cone voltages ([M 2 H]2 ion at m/z
302).
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the acidity of amide NH groups, whereas in the positive
mode the proton affinities of the carbon centers are
much lower than the proton affinities of the amino
group, the carbonyl oxygens, and amide nitrogens.
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